] gave y = 1.02x + 0.01 (r = 0.958).
amber-colored bottle, the working reagent is stable for three months at 2-8 #{176}C and for three weeks at 25 #{176}C. Richmond (4, 5) described the preparation of cholesterol oxidase from Nocardia sp. and its use in the assay of cholesterol. However, these methods involved alkaline hydrolysis to obtain free cholesterol from its esters.
The next step was to use cholesterol esterase (EC 3.1.1.13) for this purpose. This enzyme had already been isolated from the pancreas by Hernandez and Chaikoff (6) in 1957, and by
Hyun et al. (7) in 1969.
In 1973, Flegg (8) , described the use of a cholesterol dehydrogenase (no EC no. assigned) isolated from Nocardia erythropolis.
Finally, in 1974, Tarbutton and Gunter (9) and Allain et al. While making use of the same enzymes, the reagent described in this paper differs from others in that a different 'Centro Richerche, ISVT Sciavo, Via Fiorentina 1, 53100 Siena, Italy. 2Laboratorio di Biochimica, Ospedale Ca' Granda, Niguarda, Milano, Italy. chromogenic system is used, new in cholesterol enzymic determination.
We have studied the 4-hydroxybenzoate/4-aminophenazone system, which reacts as does the phenol! 4-aminophenazone system described by Trinder (11) , but with the advantage of increasing the stability of the single working reagent, which can be stored for several months in solution, ready for use. Moreover, 4-hydroxybenzoate is much less denaturing for the enzymes and less light-sensitive than is phenol.
We compared the proposed reagent with other routine methods and checked its accuracy, precision, and specificity, with good results. In the optimization studies we used pools of human sera and solutions of pure cholesterol and cholesterol linoleate in isopropanol containing 2 ml of Triton X-100 per liter.
Materials and Methods

Materials
Student's t-test and elementary statistics (12) were used in evaluating the results.
Assay of Enzymatic Activities
Cholesterol oxidase:
The assay is based on the method indicated by Miles Laboratories (Miles Product Profiles and Miles Assay Data), with a slight modification regarding the
#{149} 0 
Buffer detergent:
300 mg of polyethylene glycol-6000, 400 mg of sodium cholate, 1.5 ml of 20% Triton X-100, 12 ml of 1 mol/liter NaCI, 15 ml of 1 mol/liter K2HPO4, 15 ml of 1 mol! liter KH2PO4, distilled water to 100 ml, pH25 . = 6.85 ± 0.05.
Procedure: To 1 ml of buffer-detergent, add 1 ml of peroxidase 18 kU/liter, 0.5 ml of phenol 7.2 g!liter, 0.5 ml of 4-aminophenazone 1 g/liter, and 50 zl of cholesterol 3.00 g/liter in isopropanol. Mix, equilibrate at 37 #{176}C, and add 0.1 ml of cholesterol oxidase diluted to 0.2-0.6 kU/liter. Record the increase in absorbance at 500 nm and determine #{163}4/mm during the linear phase.
One enzyme unit is defined as the amount of cholesterol oxidase that will oxidize 1 mol of cholesterol per minute under the described conditions. The millimolar absorbtivity of the quinoneimine dye is 5.33.
Cholesterol esterase:
Reagents, procedure, and definition of unita are as described by Allain et al. (10) . The reaction sequence is illustrated in Figure 1 .
Peroxidase:
the assay was performed according to Putter etal. (13).
Procedure for Cholesterol Determination
Sample: undiluted serum or plasma; standards: cholesterol (0.50 to 6.00 g/liter) in isopropanol. The reagent gave a linear calibration curve up to 6.0 g/liter, with a sensitivity of 7.5 mg of cholesterol per liter per 0.001absorbanceunit, at 500 nm and with a 1-cm light path. The final color was stable for at least 30 mm at room temperature.
Recovery:
The average analytical recovery of cholesterol added to a pool of normal human sera was 100.1±0.496, linear between 1 and 4 g of added cholesterol per liter (y 0.992x + 0.02; r 1.000).
Precision:
Within-run and between-run studies gave the results reported in Table 1 .
Interferences:
Many endogenous and exogenous substances were tested, after their addition to a pool of normal human sera. Significant interference (p <0.05) was found only above the concentrations indicated in Table 2 . Normal concentrations of 5a-cholestan-3fl-oI and 7-dehydrocholesterol in blood caused increased results for apparent cholesterol, of 44 and 124 mg/liter, respectively. This effect was attributed to the aspecificity of cholesterol oxidase (10).
Comparison:
These results are shown in Table 3 .
Stability:
The working solution was checked after storage at 8 #{176}C and at 22 #{176}C, in amber-colored bottles (Table 4) .
Discussion
Cholesterol oxidase and cholesterol esterase activities sufficient to reach the maximum of absorbance within 15 mm at 37 #{176}C were considered optimal and, in the case of peroxidase, the activity required for maximum reaction rate was considered optimal. These activities proved to be 165,270, and 1000 U/liter, respectively (Figures 2 and 3) . However, in order to compensate for losses of activity of the oxidase and esterase during the three-month storage period (Table 4) genic system we chose the concentrations giving the greatest sensitivity. The effect of an excess of 4-hydroxybenzoate is insignificant, but an excess of 4-aminophenazone causes a decrease in the sensitivity (Figures 4 and 5) . The maximum reaction rate was reached at a pH about 6.75; at higher pH values, the reaction rate decreases slightly, while at lower pH values the final color is unstable.
Interesting results were obtained in the studies on cholate and polyethylene glycol-6000. In contrast with the findings of other authors (8) (9) (10) 14) and in agreement with the results of Majki#{233} et al. (15) , we found that cholate and polyethylene glycol-6000 decrease the reaction rate (Figures 6 and 7) .
The effect of cholate may be explained perhaps by the fact that the Miles cholesterol esterase is prepared and distributed already containing 20% cholate; cholesterol esterase is 0.6 therefore in activated and stabilized form. An excess of cholate is thus unnecessary, and in fact harmful. Cholate and polyethylene glycol-6000 were not included in the final formulation.
Furthermore, the surfactant Triton X-100 did not act positively on the reaction rate ( Figure 8 ). However, we included 0.2 ml of Triton X-100 per liter in the formulation, for its clarifying effect on some lipemic samples.
The quinoneimine dye produced by the described reagent
shows an absorption spectrum with a maximum at 495±5 nm, at 25#{176}C and pH 6.75. The same results were obtained with the working reagent in which the 4-hydroxybenzoate was substituted by phenol, 10 mmol/liter.
In the stability studies on the working reagent (Table 4) , we found that after 92 days, the cholesterol oxidase activity decreased by 17% and the cholesterol esterase activity by 23%, while peroxidase showed practically no loss of activity. The values obtained with the sera confirm the reproducibility of the results and the stability of the reagent. After 92 days there was only a slight increase in the time required to reach maximum absorbance; it was always less than 15 mm.
